We have isolated the fatty acid biosynthetic ( j a b ) gene cluster taking part in the synthesis of middlechain fatty acids and a genomic segment which was homologous with the eicosapentaenoic acidbiosynthetic gene cluster from the docosahexaenoic acid (DHA)-producing bacterium Moritella marina strain MP-1. This segment was presumed to include the DHA-biosynthetic gene cluster of M. marina strain MP-1. When M . marina strain MP-1 was cultured in medium containing cerulenin, a fatty acid synthesis inhibitor, decreases in levels of middle-chain fatty acids and remarkable increases in levels of DHA were observed. These results suggest that the synthesis of middle-chain fatty acids works independently of the synthesis of DHA.
Introduction
It has become apparent that bacteria producing eicosapentaenoic acid (EPA ; 20 : 5) or docosahexaenoic acid (DHA; 22:6) are not so rare in environments such as the deep sea, cold regions like the polar areas and the intestines of marine organisms [l] . Therefore it was suggested that EPA or DHA might be involved in the maintenance of optimal membrane fluidity under such conditions [2] [3] [4] . However, little is known about EPA-or DHA-biosynthetic mechanisms in such bacteria [2] .
Moritella marina strain MP-1 is a psychrophilic and piezophilic bacterium that has DHA as a fatty acyl component in its membrane lipids [5] .
Although the EPA-biosynthetic gene cluster of EPA-producing Shewanella sp. has already been studied [6] , no molecular biological information on fatty acid biosynthesis is available for DHAproducing bacteria. In this study we attempted to isolate the genes involved in fatty acid biosynthesis from M . marina strain MP-1. T h e effect of cerulenin on fatty acid biosynthesis was also investigated.
Experimental
Organism, medium, culture conditions and preparation of lipids M. marina strain MP-1 (ATCC 15381) was grown in LB medium (1 yo tryptone/0.5 yo yeast extracts) containing 3 "/b NaCl at 10 "C with shaking. Total lipids were extracted from lyophilized cells using the method of Bligh and Dyer [7] . For fatty acid analysis, their methyl esters were analysed by GLC.
DNA procedures
T h e chromosomal DNA of M . marina strain MP-1 was isolated using an ISOPLANT DNA extraction kit (Nippon Gene, Toyama, Japan). In order to isolate the fatty acid-biosynthetic ( j a b ) gene cluster and DHA-biosynthetic gene cluster, a ADASH I1 phage library and a Lorist6 cosmid library were constructed from chromosomal DNA and screened by plaque and colony hybridization, respectively, using PCR-amplified probe [8, 9] . T h e nucleotide sequence was determined using an ABI PRISM 377 DNA sequencer. Figure 1A) [8] . T h e M . marina strain MP-1 proteins and the E. coliproteins were 50,62, 66, 86 and 7 2 O { , identical with their amino acid residues deduced from theplsX, fabD, fabG, acpP and fabF genes, respectively. T h e fabH gene, which encodes KAS 111, is also absent in thefab gene cluster of Bacillus subtilis ( Figure 1A Figure 1B) . Among them ORFs 8, 9, 10 and 11 were very similar to ORFs 5, 6, 7 and 8 of the Shewanella sp. EPA-biosynthetic gene cluster [6] , respectively. T h e organization of these ORFs in p3D5 was also similar to that of the EPAbiosynthetic gene cluster. No homologous O R F with O R F 2 of the EPA-biosynthetic gene cluster was found in p3D5. We speculated that ORFs 8,9, 10 and 11 of p3D5 were responsible for DHA biosynthesis in M . marina strain MP-1 [9] .
ORFs 8, 9 and 10 of p3D5 had predicted regions similar to the proteins responsible for various steps in fatty acid biosynthesis (see Figure  1B) . In conclusion, DHA-producing M . marina strain MP-1 has two fatty acid-biosynthetic systems. T h e synthesis of middle-chain fatty acids and the synthesis of D H A would be independently functioning; however, all fatty acids in M. marina strain MP-1 would be synthesized from a common starting material( s ) .
